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\S 1.
, ,
. , Rayleigh (1887)
. , JWKB $(1924,1926)$
,
. , ,
.
, ,
, Burgers [1].
, Burgers $-$
. , , Reynolds
, $-$ , .
, – .
, , $x^{*}$
$\overline{\rho}=(1+\alpha x)^{-n}$ ( $\alpha$ $n$ ) . , $x=0$
.
. – , ,
, , ,
. , ,
.
\S 2. Burgers
Burgers , .
(i) : $u_{0}$ , $c_{0}$ .
Mach $\mathrm{M}$ , $a’-$
$0<M \equiv\frac{}{c_{0}}$
.
$\ll 1$
.
(ii) : 2 ,
Reynolds ${\rm Re}$
$Re= \frac{(\gamma+1)c_{0}u0}{\delta\omega}\approx 1$
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. , $\gamma$ , $\delta$ , $\omega$ .
(iii) : , ,
,
$\alpha=O(M)$
.
Burgers [1].
$\frac{\partial U}{\partial\sigma}-U\frac{\partial U}{\partial\tau}=\frac{\sqrt{\overline{c}(\sigma)}}{Re}\frac{\partial^{2}U}{\partial\tau^{2}}$ (1)
$U= \frac{u^{*}}{u_{0}\sqrt{\overline{c}(x)}}$ , $\sigma=\frac{M(\gamma+1)}{2}\int_{0}^{x}\frac{dx}{[\overline{C}(X)]\frac{3}{2}}$ , $\tau=t-\int_{0}^{x}\frac{dx}{\overline{c}(x)}$ (2)
, $t^{*}$ $x^{*}$ , $t^{*}=\omega t,$ $x^{*}=k_{0}x(k_{0}=\omega/c_{0})$
. $u^{*}$ , $\overline{c}(x)$ $c_{0}$ . ,
\rho -(x), $\overline{T}(x)(\overline{\rho}(0)=\overline{T}(0)=1)$ ,
$\overline{c}^{2}(X)=1/\overline{\rho}(x)=\overline{\tau}(X)$ . , (1) (2) , $\overline{c}(x)\equiv 1$ ,
Burgers .
\S 3. $R_{e}arrow\infty$ -
Burgers , Cole-Hopf ,
, . , Burgers ,
- , . , $R_{\mathrm{e}}arrow\infty$
[2].
, (1) ,
$\frac{\partial U}{\partial\sigma}-U\frac{\partial U}{\partial\tau}=0$ (3)
.
(3) , –
,
$U(0, \tau)=\sin \mathcal{T},$ $(\tau\geq 0)$ ; $U(\sigma, 0)=0,$ $(\sigma\geq 0)$ (4)
, \xi
$U=\sin\xi$ , $\xi=\tau+\sigma\sin\xi$ $(\sigma\geq 0, \xi\geq 0)$ (5)
12
. , $\sigma=1$ . ,
$\sigma=1$ , .
, $\sigma>1$ (5) , ,
$[3][4]$ .
, $U_{s}$ $l$ ,
$U_{s}=2\sqrt{\sigma-1}/\sigma-$ $l=2( \sqrt{\sigma-1}+\arcsin\frac{1}{\sqrt{\sigma}})$ (6)
. \mbox{\boldmath $\sigma$} , “ ” (tri-
angular wave) . ,
. (6) , $\sigmaarrow\infty$ , $U_{s}arrow 2/\sqrt{\sigma},$ $larrow 2\sqrt{\sigma}$ .
, , $\sigma$ ,
$U=\{$
$\frac{\pi-\overline{\tau}}{1+\sigma}$ $(0\leq\overline{\tau}<\pi)$
$- \frac{\pi+\overline{\tau}}{1+\sigma}$ $(-\pi\leq\overline{\mathcal{T}}<0)$ $(_{\overline{\mathcal{T}}=\tau-}2\pi)$
(7)
“ ” (sawtooth wave) [5]. , $\tau=t-z(z\equiv\int_{0}^{x}dx/\overline{c}(x))$
, $z$ , $2\pi$ . ,
$x$ . , ,
. , $\sigmaarrow\infty$ , $u^{*}$ $u_{0}$
, . , (7) $\sigmaarrow\infty$ , $U_{s}arrow 2\pi/\sigma$ ,
, ,
.
\S 4.
, $\overline{\rho}=(1+\alpha x)^{-n}$
[6].
,
$\frac{M(\gamma+1)}{2}\int_{0}^{\infty}\frac{dx}{[\overline{C}(X)]3/2}$
$= \frac{1}{\nu}[(1+\alpha X)m-1]$ $\leq 1$ (8)
( 2, 3 ). ,
$\nu=[\alpha(4-3n)]/[2M(\gamma+1)]$ , $m=(4-3n)/4$.
13
, $\sigma$ , $\sigmaarrow\infty$
.
$\frac{u_{s}}{M}arrow 2\sigma^{\frac{5n-4}{2(4-3n)}}$ $(\sigmaarrow\infty)$ (9)
. – ,
$\frac{u_{s}}{M}arrow 2\pi\iota^{\text{ ^{}\frac{n}{4-3n}}}\sigma^{\frac{4(n-1)}{4-3n}}$ $(\sigmaarrow\infty)$ (10)
$.\text{ }$ . (9),(10) 1 . ,
$\alpha>0$ , $xarrow\infty$ , $\alpha<0$ $xarrow 1/|\alpha|$ .
1 $n,$ $\alpha$
usl: ( )
us2: ( )
14
$u_{s}$
, . 1 , 5
. $(n, \epsilon)$ 2,
3 . ( ) , IV , $n=4/5,$ $\epsilon<5$ $(n=1, \epsilon<8)$ ,
V( , $n=4/5,$ $\epsilon\geq 5$ $(n=1, \epsilon\geq 8)$ .
4- 7 , , $(\alpha, n)$
.
$\frac{u}{M}$
I
II
2.
$(\epsilon,n)$
$\mathrm{m}$ ( )
.
$\epsilon=4\alpha/M(r+1)$
$n$
IV
V
Hl. $\emptyset.\cdot 3$ .
$u_{s}$ 5 $(\epsilon,n)$
( )
15
$\mathrm{u}/\mathrm{M}$ 4.
(
)
$u=u$
.
$/c_{0},$ .
$\ovalbox{\tt\small REJECT}=(1+.\epsilon \text{ }\kappa)- 2,$ $M=0.01$,
$a=0.005,\gamma=1.4$
(3) ,
. ,
$\sigma=4$ ,
,
$\tau$
.
$\mathrm{u}/\mathrm{M}$
5.
$\ovalbox{\tt\small REJECT}=(1+\epsilon \text{ }\mathfrak{r})- 0.9,$ $M=0.\mathrm{o}\iota$ ,
$\alpha=0.006,\gamma=1.4$
,
, .
$\iota\iota/\mathrm{M}$
6.
$\overline{\rho}=(1+\alpha\kappa)- 0.5,M=0.01$ ,
$\alpha=0.006,\gamma=1.4$
\mbox{\boldmath $\sigma$} , ,
, ,
.
$\sigmaarrow\infty(Xarrow\infty)$ , $u$ .
16
$\mathrm{u}/\mathrm{M}$
7.
$\overline{\rho}=(1+\varpi)^{2}- 0,M=0.01$
$a=0..\mathrm{o}\mathrm{o}06,\gamma=1.4$
$\sigma$
. $\sigma=1.48$ $x=\infty$ .
$\tau$
\S 5.
,
. , Reynolds $Rearrow\infty$
, Burgers
. .
(1) ,
, . , ,
.
(2) ,
. , ,
, . , – ,
.
(3) , ,
, .
(4) $xarrow\infty$ $(\alpha>0)$ , $xarrow 1/|\alpha|$ $(\alpha<0)$ , ,
, , $n$
.
(5) ,
, 6 ( 1 ).
, $n$ $\epsilon(=4\alpha/M(\gamma+1))$ ( 2, 3 ).
, $\epsilon$ – .
17
(6) $\alpha$ , . $\alpha$
, $n\geq 2$ , $x=1/|\alpha|$ ,
$n<2$ , .
. - Burgers
, $U(x, t)$ .
,
$| \frac{d\overline{c}}{dx}|=O(M)$ , $\frac{1}{\sqrt{\overline{c}}}=O(1)$
. , , $\alpha>0$ ,
, $\alpha<0$ , $x=1/|\alpha|$ , .
, $\alpha>0,0\leq n\leq 2$ , ,
$0<n\leq 2$ $(\alpha>0)$ , $1\mathrm{i}\ln_{x}arrow\infty^{\overline{c}}(x)=\infty$ , $.u^{*}$
. , $x=1/|\alpha|$
.
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